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user trains the cleaning device by manually manipulating the 
device through one or more desired cleaning paths. After 
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includes user specification of one of a number of cleaning 
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TRAINABLE MULT-MODE FLOOR 
CLEANING DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 5 

This application claims priority to U.S. Provisional Patent 
Application Ser. No. 61/186.222 filed on Jun. 11, 2009 titled 
“Trainable Multi-Mode Floor Cleaning Device' the disclo 
sure of which is incorporated herein. 10 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to autonomous cleaning sys- 15 

tems, and more particularly, to autonomous floor cleaning 
devices that are operable in a number of cleaning “modes' 
and are trainable Such that users can specify a desired clean 
ing path for the floor cleaning device. 

2. Discussion of the Related Art 2O 
Autonomous floor cleaning devices have gained in popu 

larity and utility in recent years. The various benefits of hav 
ing a cleaning device that will automatically initiate and 
complete a cleaning routine without continuous user interac 
tion have increased the common use of Such devices. How- 25 
ever, such devices are not without their respective drawbacks. 
One drawback of such a device can be attributed to the 

navigation of Such devices. Because many floor cleaning 
devices are designed to randomly traverse the area to be 
cleaned, many Such systems are provided with generally 30 
complex navigation systems that include collision avoidance 
features, device position monitoring systems, and ledge 
avoidance guidance. 
The collision avoidance systems are often configured Such 

that the device does not unnecessarily contact the relatively 35 
rigid structures associated with furniture, walls, and the like. 
Such operation protects the appearance of both the structure 
and the device as well as the operating integrity of the device. 
Many such navigation controls also include systems that are 
configured to detect moving objects, such as persons or pets, 40 
in the vicinity of the device. Commonly, the navigation sys 
tems interrupt device operation or alter the travel direction of 
the device so that the device avoids contact and/or does not 
unnecessarily interfere with the travel of moving bodies. 

The device position monitoring systems also complicate 45 
device construction and implementation. The known art dis 
closes a number of paradigms associated with monitoring the 
position of the device relative to its operating environment. 
Such systems commonly include positioning a number of 
detectors about the operating environment and configuring 50 
the device to wirelessly communicate with the detectors. 
Complex triangulation calculations are then used to assess the 
position of the device with respect to the operating environ 
ment such that the device can alter travel directions to ensure 
near full coverage of the area to be cleaned. Alternatively, 55 
other more demanding positioning systems, such as global 
positioning systems (GPS) have been provided to near con 
tinuously assess the position the autonomous device relative 
to a work environment. 
As mentioned above, many autonomous floor cleaning 60 

devices also include structures or controls associated with 
ledge avoidance guidance. Many autonomous floor cleaning 
devices are simply unable to traverse stairs or elevational 
discontinuities common to many living environments. To 
avoid traveling over Such structures, many floor cleaning 65 
devices are provided with electronic or mechanical “feeler 
systems that detect elevational discrepancies in the path of the 

2 
device. When such a discrepancy is detected, the navigation 
system alters the direction of travel of the device such that the 
device maintains an upright orientation. 

Each of the navigation and guidance solutions discussed 
above complicates the construction of the respective autono 
mous floor device and/or use or integration of the floor clean 
ing device relative to the intended operating environment. 
Furthermore, where such systems require the movable device 
to support the operation of the necessary detectors, sensors, 
and the like, Such systems increase the weight associated with 
the moving portion of the cleaning system as well as consume 
the limited energy resources that must be supported by the 
autonomous device. Furthermore, more Sophisticated navi 
gational controls increase manufacturing and operational 
demands associated with providing Such systems. Accord 
ingly, although such systems improve user confidence that the 
device will be able to maintain its autonomous nature for a 
longer duration and/or for a number of cleaning cycles with 
out user interaction, Such systems also substantially compli 
cate the construction of the device and reduce the amount of 
energy that is available for consumption by the cleaning sys 
temS. 

Therefore, it would be desirable to provide an autonomous 
floor cleaning device with a guidance/control system having 
more efficient operation and that is simple to implement. 

Independent of the navigation/guidance system of the 
autonomous floor cleaning device, many such devices are 
known and operate in a variety of cleaning modes. For 
example, autonomous floor cleaning devices that include 
vacuum cleaners, floor buffers, wet floor cleaning systems, 
and autonomous floor cleaning devices that apply a wet and/ 
or a dry fabric, cloth, or woven applicator to a floor are known. 
Although Such systems improve the utility of autonomous 
floor cleaning devices, such devices are not without their 
respective drawbacks. 

For instance, during autonomous operation, cleaning 
devices equipped with a rotatable brush or “beater bar can 
occasionally Snag or become entangled with an end of a 
thread or fray commonly found near the perimeter of the 
carpet of a room. Such occurrence presents the opportunity 
that the cleaner will unravel the thread into the field of the 
carpet causing an unacceptable blemish. Further, for those 
systems equipped with multiple cleaning modes, such as a 
rotating brush for use with carpet and a cleaning pad for use 
with floors, it is commonly undesirable to have both of such 
cleaning systems concurrently engaged. As is commonly 
understood, operating a rotatable brush over wood covered 
floors can mar or undesirably affect the finish of the floor if 
debris becomes entangled in the rotatable brush. Similarly, 
passing a cleaning cloth over a carpeted floor can result in 
unnecessary use and/or wear of the cleaning cloth and/or floor 
carpet as well as premature draining of the power Source of 
the autonomous cleaning device. 

Furthermore, although a number of known devices have 
multiple cleaning modes, such devices are generally not spe 
cific to the particular composition of the material of the floor 
being cleaned. That is, Such devices are commonly limited 
with respect to cleaning carpeted floors as compared to Solid 
surface floors. Understandably, with respect to solid surface 
flooring materials, it is often desirable to have a cleaning 
mode that is more nearly tailored to the type of material being 
cleaned. Simply, such devices commonly leave many areas 
that are simply not adequately cleanable with a given device 
configuration. Such operation requires a user to either provide 
multiple differently configured cleaning devices and/or be 
present to alter the state of operation of the cleaning device to 
coincide with the floor beneath the device. Providing multiple 
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floor cleaning devices unnecessarily increases user costs 
whereas manually configuring such devices for operation 
over different flooring materials detracts from the benefits 
associated with the autonomous nature of Such systems. 

Therefore, it would also be desirable to provide an autono 
mous floor cleaning device that is operable in several cleaning 
modes without unnecessary operation of those systems asso 
ciated with unused cleaning devices and/or undesirable user 
interaction/monitoring of the device. 
As evidenced below, the assignee of the present application 

has contributed significantly to manual and automatic clean 
ing technologies. 

U.S. Patent Application Publication 2004/0031121, filed 
on Aug. 14, 2002, discloses an autonomous floor cleaning 
device that includes a vacuum cleaner having a beater bar and 
which is generally encircled by a replaceable disposable dust 
ruffle. U.S. Patent Application Publication 2004/0031113, 
also filed on Aug. 14, 2002, discloses a similar device with a 
non-concentric trailing portion that is equipped with an elec 
trostatic skirt. U.S. Patent Application Publication 2004/ 
00311 11, filed on Feb. 19, 2004, discloses a replaceable 
receptacle that cooperates with an autonomous floor cleaning 
device for collecting and disposing of debris collected by the 
device. 

Allowed U.S. Patent Application Publication 2005/ 
0229340, filed on Feb. 4, 2005, disclose an autonomous floor 
cleaning device that includes a reel of cleaning material that is 
supported behind a rotatable brush with respect to a direction 
of travel of the cleaning device. The device includes a fluid 
dispenser that applies a cleaning Solution to the cleaning 
material to improve the efficacy of the cleaning material. 

U.S. Patent Application Publication 2006/0288519, filed 
on Jun. 28, 2005, and issued as U.S. Pat. No. 7,578,020, 
discloses an autonomous floor cleaning device that includes a 
number of cleaning devices that removably cooperate with 
the device Such that each cleaning device is independently 
removable and replaceable. 

U.S. Patent Application Publication 2006/0293794, filed 
on Jun. 28, 2005, discloses an autonomous cleaning device 
that cooperates with RFID tags associated with the area that is 
to be cleaned so as to determine the cleaning path and opera 
tion of the device. 

U.S. Patent Application Publication 2008/0188984, filed 
on Apr. 10, 2008, and issued as U.S. Pat. No. 7,389,166, 
discloses autonomous floor cleaning devices that are config 
ured to apply a liquid to the floor being cleaned and con 
structed to limit wheel slip during movement of the device 
across the floor. 

Although only tangentially related to the Subject matter of 
the above-referenced publications, a PCT application, which 
claims priority to U.S. Provisional Patent Application Ser. 
No. 60/948,676, was filed on Jul. 9, 2007 and titled “Hand 
held Portable Devices For Touchless Particular Matter 
Removal and discloses a handheld cleaning device that is 
useful for removing particulate debris in a manner wherein 
the cleaning device does not contact the underlying Surface 
being cleaned. 

Also generally unrelated to autonomous floor cleaning 
device. Applicant's copending PCT International Application 
PCT/US2008/003926, filed on Mar. 26, 2008, entitled 
“Refillable Devices For Dispensing Fluids, which claims 
priority to U.S. Provisional Application Ser. No. 60/908.312, 
filed on Mar. 27, 2007, and U.S. Provisional Application Ser. 
No. 60/946,848, filed on Jun. 28, 2007, discloses a cleaning 
system that includes a number of cleaning Solutions in a 
unitary package for application to at least one surface to be 
cleaned. As will be apparent to one of ordinary skill. Such a 
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system could be mounted to the device of the present inven 
tion to give it cleaning capabilities for multiple surfaces. 
The disclosures of each of the documents referenced 

above, as they each generally relate to cleaning operations, 
are hereby expressly incorporated by reference. 

Therefore, in accordance with the background discussed 
above, it would be desirable to provide an autonomous clean 
ing device that can be economically produced, is simple to use 
and can be easily integrated and/or configured for operation in 
a variety of environments, and Supports a number of cleaning 
modes wherein each mode can be associated with a type of 
floor material that is intended to be cleaned. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is directed to autonomous devices 
Such as toys, floor and/or lawn cleaning devices, and or any 
other device whose operation is autonomous in nature. One 
embodiment of the present invention envisions the autono 
mous device as an automatic floor cleaning device that over 
comes one or more of the aforementioned drawbacks. One 
aspect of the present invention includes a floor cleaning 
device that autonomously traverses an area to be cleaned. The 
floor cleaning device includes a drive mechanism that is 
attached to a housing for propelling the floor cleaning device 
across a floor. A controller is in communication with the drive 
mechanism for controlling movement of the floor cleaning 
device across the floor. The controller includes a training 
mode wherein manual user manipulation of the floor cleaning 
device defines a cleaning route and a cleaning mode wherein 
the controller automatically initiates the cleaning route. 

Another aspect of the invention combinable with one or 
more of the aspects above includes a method of controlling 
operation of a floor cleaning device that is configured for 
autonomous operation. The method includes the steps of 
training the floor cleaning device with a cleaning route by 
manually manipulating the floor cleaning device through the 
cleaning route. After the cleaning route has been defined by 
manual manipulation of the cleaning device, the cleaning 
device automatically initiates the cleaning route at selected 
intervals as defined by a user. Preferably, defining the clean 
ing route includes associating one of a number of cleaning 
modalities with the respective route. Preferably, each modal 
ity is associated with a flooring material associated with the 
respective cleaning route. 
A further aspect of the invention useable with one or more 

of the above aspects includes an autonomous cleaning device 
that has first and second cleaning systems that are each Sup 
ported by a frame. Each of the first and second cleaning 
systems provide first and second cleaning modes, respec 
tively, wherein the second cleaning mode is different than the 
first cleaning mode. The cleaning device includes a controller 
that is configured to control operation of the autonomous 
cleaning device and initiate operation of the first cleaning 
system for a first cleaning path and initiate operation of the 
second cleaning system for a second cleaning path. Accord 
ingly, the autonomous cleaning device can perform cleaning 
operation across various flooring materials in a generally 
continuous and uninterrupted manner. 

These, and other aspects and objects of the present inven 
tion, will be better appreciated and understood when consid 
ered in conjunction with the following description and the 
accompanying drawings. It should be understood, however, 
that the following description, while indicating preferred 
embodiments of the present invention, is given by way of 
illustration and not of limitation. Many changes and modifi 
cations may be made within the scope of the present invention 
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without departing from the spirit thereof, and the invention 
includes all Such modifications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages and features constituting the present inven 
tion, and the construction and operation of typical mecha 
nisms provided with the present invention, will become more 
readily apparent by referring to the exemplary, and therefore 
non-limiting, embodiments illustrated in the drawings 
accompanying and forming a part of this specification, 
wherein like reference numerals designate the same elements 
in the several views, and in which: 

FIG. 1 is a perspective view of an autonomous floor clean 
ing device according to the present invention with a training 
handle extending from the device; 

FIG. 2 is a top perspective view of the autonomous floor 
cleaning device shown in FIG. 1 with a cover removed there 
from; 

FIG. 3 is a bottom plan view of the autonomous floor 
cleaning device shown in FIG. 1; 

FIG. 4 is an elevation cross-section view of the autono 
mous floor cleaning device taken along line 4-4 shown in FIG. 
3: 

FIG. 5 is an elevation cross-section view of the autono 
mous floor cleaning device taken along line 5-5 shown in FIG. 
3: 

FIG. 6 is a view similar to FIG. 2 with removable or 
interchangeable cleaning devices exploded from the autono 
mous cleaning device; 

FIG. 7 is a perspective view of the floor cleaning device 
shown in FIG. 1 in an exemplary operating environment 
during a training routine; 

FIG. 8 is a view similar to FIG. 7 of the floor cleaning 
device during autonomous operation; 

FIG.9 is a flow chart that shows an exemplary training and 
Subsequent automatic operation routine of the autonomous 
floor cleaning device shown in FIG. 1; 

FIG. 10 is a graphical representation of an autonomous 
device according to the present invention; 

FIG. 11 is a flow chart showing a schematic representation 
of a navigation system for use with the device show in FIG. 
10: 

FIG. 12 is a graphical representation of an arc tangent 
pursuit navigation protocol associated with the navigation 
system shown in FIG. 11; and 

FIGS. 13-16 show various steering correction and align 
ment scenarios that may occur and be overcome by the navi 
gation system shown in FIG. 11. 

In describing the preferred embodiment of the invention 
which is illustrated in the drawings, specific terminology will 
be resorted to for the sake of clarity. However, it is not 
intended that the invention be limited to the specific terms so 
selected and it is to be understood that each specific term 
includes all technical equivalents which operate in a similar 
manner to accomplish a similar purpose. For example, the 
words “connected”, “attached', or terms similar thereto are 
often used. It is intended that such terms are not limited to 
direct connection but include connection through other ele 
ments where Such connection is recognized as being equiva 
lent by those skilled in the art. 

DETAILED DESCRIPTION 

FIG. 1 shows an autonomous floor cleaning system 20 
according to the present invention. As discussed below, floor 
cleaning system 20 is constructed to perform autonomous or 
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6 
independent floor cleaning operations. As mentioned above, 
other cleaning systems/devices and/or floor cleaning sys 
tems/devices are disclosed in U.S. Pat. Nos. 7,389,166 and 
7,578,020; United States Patent Application Publication Nos. 
2004/0031121, 2004/0031113, 2004/00311 11, 2005/ 
0229340, 2006/0288519, 2006/0293794, 2008/0188984; and 
U.S. Provisional Patent Application Ser. Nos. 60/948,676, 
60/908,312, and 60/946,848; the disclosures of each of which 
are hereby expressly incorporated. It is appreciated that the 
autonomous device disclosed herein has applications beyond 
floor cleaning Such as lawn care and toys and/or entertain 
ment purposes. In an exemplary embodiment, autonomous 
device 22 is configured to perform floor cleaning operations. 
In a more preferred embodiment of the invention, device 22 is 
configured to provide a number of different modality floor 
treatmentS. 

Referring to FIG. 1, floor cleaning system 20 includes a 
trainable autonomous floor cleaning device, autonomous 
cleaning device, or floor cleaning device 22 that can automati 
cally traverse an operating environment or area to be cleaned 
24. Floor cleaning device 22 includes a frame 26 that supports 
a housing 28 and a number of cartridges 30, 32 associated 
with different cleaning modes. Cleaning device 22 includes a 
communication device 34. Such as a transmitter/receiver. As 
described below with respect to FIGS. 7-8, communication 
device 34 is configured to communicate with devices that are 
remotely positioned relative to floor cleaning device 
22—such as a base station 246 (FIG. 7) and/or other position 
indicating devices such as a beacon 280 (FIG. 7). As used 
herein, the term beacon is defined as any including any of a 
number of communication protocols including infrared (IR) 
ultrasonic, radio frequency (RF), a wireless fidelity (Wi-Fi 
network), or other partially or wholly wired or wireless com 
munication protocols. It is further envisioned that one or both 
of device 22, base station 246, and beacon 280 be configured 
send information, receive information, and/or send and 
receive information. It is further envisioned that, although 
only one beacon 280 is shown, cleaning system 20 may 
include more than one beacon and that the beacons be located 
with respect to area 24 as one or more to a given area or room 
of a particular cleaning environment. Wherein cleaning 
device 22 reports to a base station, it is further envisioned that 
base station 246 includes containers and/or is connected to a 
fluid Supply for automatically refilling any of the consumable 
fluid materials associated with the operation of device 22. As 
described further below, it is also envisioned that cleaning 
device 22 include one or more replaceable, refillable, and/or 
interchangeable cleaning solutions or implements. 

Housing 20 preferably includes a pocket 36 that is con 
structed to receive a stem38. Stem 38 is pivotably or rotatably 
connected to floor cleaning device 22. A handle 40 removably 
and/or telescopically cooperates with stem 38 so as to extend 
upward and rearward relative to floor cleaning device 22 
when handle 40 is connected to floor cleaning device 22. 
Understandably, stem 38 could be integrally formed with 
handle 40 such that the combined handle and stem 38, 40 
could be fully removed from floor cleaning device 22. Alter 
natively, handle 40 could be provided with a telescopic con 
struction so as to cooperate with a corresponding pocket 36 
formed in housing 28. Such a construction would allow 
handle 40 to be collapsible between stored and in-use posi 
tions. 

Still referring to FIG. 1, a distal end 39 of handle 40 
includes a grip portion 42 that is preferably shaped to coop 
erate with a users hand. Preferably, a number of inputs 43, 
44, 46, 48 are positioned near grip portion 42 and communi 
cate user instructions to floor cleaning device 22. As 
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described further below with respect to FIGS. 7 and 8, inputs 
43.44, 46, 48 provide the instructions to floor cleaning device 
22 to enable autonomous operation of the floor cleaning 
device 22. 

It is further envisioned that device 22 be constructed to 
allow a user to schedule the time, duration, and/or sequence of 
operation of the respective cleaning procedures. Said in 
another way, device 22 can be manually configured to autono 
mously execute a cleaning routine in a manner wherein the 
user can designate the time of day that the device executes the 
routine orportions thereof. For instance, in a residential appli 
cation, device 22 can be configured to execute cleaning opera 
tions of bedrooms during the day when most people are not in 
Such rooms and execute cleaning operations of common areas 
Such as kitchens and living rooms at night when most users 
are asleep. Although the operation of device 22 can be con 
Veniently scheduled for operation in areas when no people are 
present, device 22 is spatially and acoustically unobtrusive so 
as to allow operation of device 22 in the same room or rooms 
near users without interfering with the activities of users. 

It is further envisioned that device 22 can be configured to 
provide a more rigorous cleaning operation in those areas 
than are more heavily used or trafficked and a less rigorous 
cleaning operation in those areas that commonly require 
lesser levels of cleaning Such as bedrooms or guest spaces. 
Said in another way, operation of device 22 can be focused to 
desired areas. It is envisioned that such cleaning operations 
can be segregated by one or more of the duration device 22 
spends in a given area and/or the frequency with which device 
22 cleans a given area. Preferably, one or more of handle 40 or 
device 22 includes an interface that allows a user to configure 
device 22 for the desired cleaning schedule interval and/or 
frequency in a manner that satisfies individual user prefer 
ences. Such a configuration allows device 22 to be configured 
to execute a multiple area cleaning procedure that generally 
mimics a user's manual or unassisted cleaning routine. 
As shown in FIG. 2, floor cleaning device 22 includes a 

navigation system 21 that communicates with, or is integral 
to, a controller 60. Controller 60 is powered by a power source 
62 and in communication with a database or information 
storage device 64. Controller 60 is also operationally con 
nected to communication device 34. A number of indicators 
66, 68, 70 extend from controller 60 and are configured to 
provide an indication of the operating condition of floor 
cleaning device 22 and/or, as described further below, the 
condition of one or more of a number of distinct cleaning 
systems. Understandably, although indicators 66, 68, 70 are 
shown as LEDs, it is envisioned that indicators 66, 68, 70 be 
provided in other modalities such as an audible or tactile alert. 
A first cavity 72 and a second cavity 74 are formed inframe 

26 and operationally cooperate with one of cartridges 30, 32 
(as shown in FIG. 1). Each of cartridges 30, 32 are associated 
with a cleaning system or different cleaning modalities. A 
first drive system 80 and a second drive system 82 are posi 
tioned on generally laterally opposite sides of cavities 72, 74. 
Each drive system 80, 82 includes a motor 84, 86 that is 
operationally connected to a drive wheel 88,90. Drive sys 
tems 80, 82 are connected to controller 60 such that each drive 
wheel 88,90 is independently operable with respect to one 
another. As is commonly understood, the independent opera 
tion of each of the drive wheels 88,90 allows cleaning device 
22 to move in virtually any direction relative to operating 
environment 24. It is further understood that such a configu 
ration allows cleaning device 22 to move about a cleaning 
environment with what is commonly referred to, particularly 
in lawn care applications, a Zero turn radius. 
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It is further envisioned that rather than having a motor and 

wheel based drive system, cleaning device 22 could be con 
figured for operation by hover-type movement. For example, 
cleaning device 22 could be equipped with a skirt or the like 
constructed to capture a flow stream, Such as that generated by 
a fan or even the discharge of the vacuum-type cleaning 
device. Those skilled in the art will appreciate that as the 
captured gas escapes about the skirt, a cleaning device so 
equipped would “hover” or otherwise “float' in close prox 
imity to the floor surface. Those skilled in the art will further 
appreciate that directional movement of Such a drive system 
can be effectuated by directing the discharge in a particular 
direction so as to yield translation of the cleaning device in a 
fairly opposite direction. 

Furthermore, wheels 88, 90 are sized and coupled to a 
respective motor 84, 86 so that device 22 can be manually 
manipulated about environment 24 in an effective manner 
without undue interference caused by the non-powered rota 
tion of the rotor relative to the stator of motors 84, 86. Said in 
another way, wheels 88,90 are configured to provide a suffi 
cient mechanical advantage to overcome the resistance asso 
ciated with the gears and motors and the respective drive 
systems 80, 82. Understandably, wheels 88, 90 and drive 
systems 80, 82 are also configured to provide efficient opera 
tion of the drive systems 80, 82 and movement of device 22 
during autonomous movement of the same. Preferably, 
wheels 88,90 are also constructed to reduce the incidence of 
wheel slip during autonomous operation of device 22 includ 
ing during turning operations. That is, wheels 88, 90 are 
constructed to provide an efficient interaction with the floor 
surface over which device 22 operates. Those skilled in the art 
will appreciate that the tolerable or acceptable coefficient of 
friction of wheels 88,90 will be determined in part on the 
desired operating speed of device 22, the coefficient of fric 
tion of the floor, the size of the device, desired turning per 
formance, and desired navigation instructions. 

Still referring to FIG. 2, floor cleaning device 22 is also 
preferably constructed to Support a consumable cleaning 
cloth as evidenced by a cloth cartridge 94. Cartridge 94 
includes a first shaft 96 and a second shaft 98 that are gener 
ally parallel to one another. A roll of cleaning cloth, prefer 
ably a non-woven fabric material, is placed upon one of shafts 
96, 98, and soiled cloth is collected about the other of shafts 
96, 98. Such a construction allows fresh cloth to be directed 
toward the floor of cleaning area in a generally continuous 
manner as well as maximizing the consumable life of given 
areas of the cleaning cloth. 

Cartridge 94 includes or cooperates with a drive system 
100 that is driven by a motor 102. Motor 102 is operationally 
connected to controller 60 such that the cloth associated with 
cartridge area 94 is only introduced to cleaning area 24 in 
accordance with instructions from controller 60. Each of con 
troller 60, and drive systems 80, 82, 100 is powered by a 
power source 104 that is supported by floor cleaning device 
22. Preferably, power supply 104 is one of rechargeable, 
interchangeable, and/or replaceable. 
As shown in FIG. 3, a first cleaning apparatus or cleaning 

system 110, is supported by chassis or frame 26 of floor 
cleaning device 22. A second cleaning apparatus or cleaning 
system 112 is positioned generally rearward relative to first 
cleaning apparatus 110 relative to a forward direction of 
travel, indicated by arrow 130, of cleaning device 22. Car 
tridge 94 represents a third cleaning apparatus or cleaning 
system 114 and is positioned even further rearward offirst and 
second cleaning systems 110, 112. Each of first, second, and 
third cleaning systems 110, 112, 114 are generally centrally 
positioned relative to lateral directions relative to direction of 
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travel 130 of floor cleaning device 22. As described further 
with respect to FIGS. 4-6, each of cleaning systems 110, 112, 
114 provides a different cleaning mode Such that cleaning 
device 22 can selectively performany of a number of different 
cleaning functions. It is further envisioned that cleaning 
device 22 effectuate concurrent operation of one or more of 
cleaning systems 110, 112, and 114 as defined by a user's 
preferences. 

It is further envisioned that different cleaning “modes’ 
may be defined by operation of only portions of a respective 
cleaning system. For instance, when the cleaning device is 
equipped with a vacuum based cleaning system, it is envi 
Sioned that such a system be operable in a first mode associ 
ated with operation of air movement components, a second 
mode associated with operation of a beater bar or brush type 
component, and a third mode associated with operation of 
both of the air movement and brush components. It should be 
appreciated that the first mode is more applicable to cleaning 
of a solid floor surface whereas the third mode is more appli 
cable to cleaning of carpeted floor Surfaces or Surfaces cov 
ered with a more deformable floor covering. 

Still referring to FIGS. 2 and 3, first cleaning system 110 
includes a number of nozzles 120 that direct a pressurized gas 
or atomized fluid flow over a floor surface so as to evacuate 
dirt and/or debris found thereon. Dust, dirt, and debris agi 
tated by the discharge of nozzles 120 is directed to an intake 
port 122 that is positioned proximate thereto. Cleaning sys 
tem 110 preferably provides touch-less cleaning in a manner 
like that disclosed in U.S. Patent Application Publication No. 
2009/0044372, filed on Jul. 9, 2008, which claims priority to 
U.S. Provisional Patent Application Ser. No. 60/948,676, 
filed Jul. 9, 2007, and the disclosures of which are expressly 
incorporated herein. 

Second cleaning system 112 also includes a number of 
noZZles or discharge ports 128 that selectively apply one or 
more of a number of cleaning solutions to the floor passing 
under floor cleaning device 22. As described further with 
respect to FIGS. 4-6, Such a construction allows cleaning 
device 22 to apply cleaning solutions as a function of one or 
more of the composition of the floor material as well as the 
use of the area being cleaned. That is, cleaning system 112 
applies those compositions associated with specific floor 
materials and/or the use of the area being cleaned via opera 
tion of cleaning system 112, i.e. bathroom, kitchen, common 
area, etc. 
As introduced above in FIG. 2, third cleaning system 114 is 

constructed to Support a non-woven cloth and/or fabric 
cleaner that can be configured to electro-statically collect 
floor debris or dust and/or distribute a cleaning material, such 
as that dispensed from discharge ports 128, across the floor 
being cleaned. It is further envisioned that any of cartridges 
30, 32.94 be provided in a removable/replaceable modality, a 
refillable/reloadable modality, and/or be interchangeable 
with other cleaning cartridges. For example, where carpeted 
areas are to be cleaned, the floor cleaning device 22 may be 
configured to cooperate with another cartridge having, for 
example, a rotatable brush or beater bar such as that disclosed 
in U.S. Publication No. 2005/0229340. It is appreciated that 
Such a device includes two operating modes defined as 
including operation of a vacuum function independent of 
operation of the rotatable brush and concurrent operation of a 
vacuum function with the rotatable brush. It is further envi 
Sioned that frame 26 of cleaning device 22 can be configured 
to cooperate with any of cartridges 30, 32, 94 at any of the 
respective cavities 72, 74. 

Referring to FIGS. 4-6, cartridge 32 associated with sec 
ond cleaning system 112 includes a number of fluidly sepa 
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10 
rated chambers 150, 152, 154. Each chamber 150, 152, 154 
can be selectively fluidly connected to discharge ports 128 so 
that one or more of the fluids associated with chambers 150, 
152, 154 can be contemporaneously applied. Each chamber 
150, 152, 154 includes a valve 156 whose operation is con 
trolled by controller 60 (FIG. 2). A passage 158 fluidly con 
nects one or more of chambers 150, 152, 154 with discharge 
ports 128 when the valve 156 associated with the respective 
chamber 150, 152, 154 is opened. 

Each chamber 150, 152, 154 includes a removable cap 164 
such that each chamber 150, 152, 154 can be independently 
refilled with a desired solution. As described further below 
with a FIG. 7, the selective operation of valves 156 of each 
chamber 150, 152, and 154 allows for cleaning device 22 to 
apply one or more different solutions to a particular floor area. 
Controller 60, through its interaction with each valve 156, is 
configured to indicate depletion of the fluid associated with 
one or more of chambers 150, 152,154 via actuation of one of 
more of indicators 66, 68, 70. It is appreciated that one or 
more of cartridge 32, or chambers 150, 152, 154 could be 
provided in a replaceable configuration rather than the refill 
able configuration as shown. 
As shown in FIG. 5, first cleaning device 110, or cartridge 

30, includes an intake passage 170 positioned proximate 
nozzles 120. Dirt or debris agitated from the surface of oper 
ating area 24 (FIG. 1) is collected in refuse chamber 172 of 
cartridge 30. Preferably, cartridge 30 is removable from floor 
cleaning device 22 such that refuse chamber 172 can be 
emptied over an appropriate trash receptacle. Alternatively, 
refuse chamber 172 may be provided as a disposable con 
tainer that removably cooperates with cartridge 30 such that a 
full container can simply be removed and disposed of and the 
new container engaged with cartridge 30. Preferably, device 
22 is configured to accommodate an amount of refuse asso 
ciated with multiple cleaning routines although such capacity 
will understandably be a function of the degree of soiling 
associated with a given operating environment. 

Still referring to FIG. 5, third cleaning device 114 is 
attached to frame 26 of floor cleaning device 22 and is posi 
tioned generally rearward of first cleaning device 110 and 
second cleaning device 112 relative to direction of travel 130. 
A cleaning cloth 188 is supported on a spool 190 that is 
supported by shaft 98. Cleaning cloth 188 passes about a 
tensioner assembly 192 and is recollected on a spool 194 
supported by shaft 96. During use or operation of third clean 
ing system 114, controller 60 manipulates the position of 
tensioner 192 such that cleaning cloth 198 is directed away 
from shafts 96.98 so as to engage the floor of operating area 
24 (FIG. 4). 

During operation, as the portion of cleaning cloth 188 
positioned proximate tension assembler 192 becomes soiled, 
controller 60 initiates drive system 100 (FIG. 2) of third 
cleaning system 114 to advance cleaning cloth 188 from fresh 
material spool 192 to soiled material spool 194. When use of 
third cleaning system 114 is not desired, tensioner assembly 
192 preferably retracts in an upward direction, indicated by 
arrow 200, such that the cleaning cloth 188 that extends 
across tensioner assembly 192 does not contact the floor 
Surface underlying cleaning device 22 and the cleaning cloth 
is not advanced between spools 192, 194. 
As shown in FIG. 6, third cleaning system 114 includes a 

cover 202 that is pivotably connected to housing 26 of floor 
cleaning device 22. Cover 202 cooperates with a latch assem 
bly 204 that is pivotably connected to one of housing 26 and 
cover 202. Cover 202 allows a user to conveniently and expe 
ditiously remove and/or replace spools 190, 194, associated 
with cleaning cloth 188. 
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Referring to FIG. 6, cartridge 30, which is associated with 
first cleaning system 110, preferably includes a pressuriza 
tion system 182 that is fluidly connected to nozzles 120 and 
whose operation is controlled by controller 60. Cartridge 30 is 
constructed to slidably and removably cooperate with cham 
ber 72 formed in frame 26 of floor cleaning device 22 such 
that nozzles 120 are directed in a downward and rearward 
direction relative to floor cleaning device 22 when cartridge 
30 is engaged therewith. Such an orientation ensures that a 
majority of the dirt, dust, and debris, agitated by cartridge 30 
is collected in chamber 172. 

Each of cleaning systems 110, 112, 114 is operatively 
connected to controller 60 such that controller 60 can deter 
mine when each of respective cleaning systems 110, 112, 114 
is to be engaged and/or operable. FIGS. 7-8 show an exem 
plary cleaning area or operating environment 24 associated 
with operation of floor cleaning device 22 and FIG. 9 shows 
an exemplary operation sequence associated with configured 
floor cleaning device 22 for individualized autonomous 
operation. 

Referring to FIGS. 7 and 8, although not required, operat 
ing environment 24 commonly includes multiple distinct 
areas to be cleaned. For example, environment 24 may 
include a kitchen floor area 220, a common floor area 222, and 
a restroom or bathroom floor area 224. It is appreciated that 
each of areas 220, 222, 224 can include different flooring 
materials and/or is associated with environments that com 
monly require distinct cleaning Solutions/operations. Such 
operations generally include defining which cleaning mate 
rials and/or Solutions are applied thereto, the materials asso 
ciated with application of the Solutions, and/or the duration 
and amount of cleaning materials/solutions used during a 
given cleaning process. In order to ensure floor cleaning 
device 22 operates in accordance with a user specified clean 
ing procedure, floor cleaning device 22 is manually config 
urable or trainable to follow a desired cleaning path, indicated 
by arrows 226, and operate according to different floor clean 
ing procedures defined by operation of one or more of clean 
ing systems 110, 112, 114 and one or more of the cleaning 
operations associated with one or more of cleaning systems 
110, 112, 114. 
As shown in FIG. 7, when handle 40 is engaged with floor 

cleaning device 22, user interaction with inputs 43,44, 46, 48 
(FIG. 1), defines operation of floor cleaning device 22 in a 
training mode 300 (FIG.9). In training mode 300, a user (not 
shown) manipulates the position of floor cleaning device 22 
via interaction with handle 40 through a desired cleaning path 
226 while avoiding obstacles 240. As a user transitions 
between areas 220, 222, 224 with floor cleaning device 22, the 
user specifies which of cleaning systems 110, 112, 114 is 
initiated and operated based on interaction with inputs 43, 44. 
46,48. Understandably, inputs 43,44, 46, 48 can have label 
ing indicative of the area being cleaned (i.e. kitchen, bath, 
common/living areas, etc.), an indication of the cleaning 
application whose operation is associated therewith (i.e. 
touchless debris removal, sanitizer applicator, cloth cleaner, 
etc.), and/or an indication of the composition of the flooring 
material (i.e. wood, tile, composite, carpet, etc.). Understand 
ably, controller 60 and database 64 could be preconfigured to 
associate a desired cleaning operation or modality based on 
any of the type of floor being cleaned, the use of the area being 
cleaned, etc. 
An exemplary cleaning path of floor cleaning device 22 

with respect to the environment 24 shown in FIGS. 7 and 8. 
would include a first cleaning path, indicated by arrow 242, 
wherein floor cleaning device 22 departs from a cradle or base 
station 246 and traverses the entirety of area 220. First clean 
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12 
ing path 242 terminates upon crossing of a transition 246 
between area 220 and Subsequent area 222. Commonly, a 
threshold is associated with transition 246. Preferably, device 
22 is configured to accommodate the changes in elevation 
associated with the thresholds between different rooms or 
provided between different floor coving materials. Upon 
crossing transition 246, the user selects the cleaning system 
(s) 110, 112, 114 which are desirably associated with clean 
ing area 222 via interaction with one or more of inputs 43,44. 
46, 48. A second cleaning path 244 begins in alignment with 
first cleaning path 242 at the point of crossing transition 246. 
Floor cleaning device 22 is manually directed along second 
cleaning path 244 for cleaning of area 222. 
Upon arrival at a second transition 248 between area 222 in 

area 224, user interaction with inputs 43,44, 46, 48 associated 
with handle 40 configures cleaning device 22 to initiate 
operation of one or more of cleaning systems 110, 112, 114 
within third cleaning area 224. Manual manipulation of 
cleaning device 22 through a third cleaning path 250 defines 
the autonomous cleaning path for cleaning of area 224. After 
all areas have been manually cleaned, a user can deactivate 
each of cleaning systems 110, 112, 114 and initiate a direct 
route return to base station 246. Alternatively, were floor 
cleaning device 22 provided with a replaceable power Supply 
rather than a rechargeable configuration, the floor cleaning 
device 22 could be manually directed to a desired storage area 
until Subsequent operation and/or use was desired. It is envi 
Sioned that the desired storage area can be power station 
and/or located at an unobtrusive location Such as beneath or 
behind furniture or the like. When provided in a rechargeable 
format, it is appreciated that cleaning device 22 may return to 
a charging station or the like at intervals during a cleaning 
operation depending on the size of the area to be cleaned, the 
desired cleaning duration, and the capacity of the power 
source or battery. Preferably, device 22 is capable of continu 
ous autonomous operation for durations of one to six or even 
more hours. Understandably, a more robust power source 
and/or operation in less power consuming cleaning modes 
will alter the duration of uninterrupted continuous autono 
mous operation of the cleaning device. 
Upon completion of the cleaning route, user interaction 

with inputs 43, 44, 46, 48 defines the end of the cleaning 
routine. Alternatively, the end of the desired routine could be 
automatically determined by returning device 22 to base sta 
tion 246. Having been trained and stored and/or returned to 
base station 246, floor cleaning device 22 is ready for autono 
mous multi-mode cleaning operations. Understandably, 
paths 242, 244, and 250 are merely exemplary of an expedi 
tious cleaning routine. Furthermore, as training offloor clean 
ing device 22 occurs by manual manipulation of the device 
along the cleaning route, floor cleaning device 22 can readily 
avoid obstacles 240 or the like as such is required during 
manual manipulation of floor cleaning device 22 by a user. 

Having been trained for autonomous operation, controller 
60 initiates subsequent operation of floor cleaning device 22 
through cleaning routes 242, 244, 250 and the associated 
cleaning modalities as previously defined by the user. The 
relatively compact nature of device 22 allows device 22 to 
conveniently maneuver around and under obstructions such 
as furniture, such as the table and chair shown in FIG.8. Users 
can define the cleaning frequency via interaction with one or 
more of inputs 43, 44, 46, 48. Alternatively, the frequency of 
autonomous operation of device 22 could be predetermined at 
a given frequency Such as a time of day, daily, weekly, more 
than once a week, etc. 

Although controller 60 could be configured to assess the 
position of device 22 along paths 242, 244, 250 through 
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monitoring of operation of each of drive systems 80, 82. 
device 22 preferably communicates with one of a base station 
246 and/or a beacon 280 to assess the position of device 22 
with respect to cleaning paths 242, 244, 250. Understandably, 
beacon 280 and or base station 246 could be configured to 
communicate with device 22 in any of infrared, ultrasonic, 
radio frequency identification, wireless local area network, 
and/or a wideband radio wave network. Preferably, the sys 
tem includes at least two of these communication protocols to 
provide position assessment redundancy with respect to the 
operation of device 22. It is appreciated that beacon 280 could 
be provided as a plugin device or as a battery powered device. 
Furthermore, if beacon 280 is powered by the power system 
associated with the operating environments, it is envisioned 
that beacon 280 could also be configured to provide a recharg 
ing function for device 22 similar to base station 246. It is 
further envisioned that one or more beacons 280 could be 
provided in a manner that utilizes other powered devices 
associated with the operating environment and/or be provided 
with other functionality such as an air freshener or the like. 
For instance, beacon 280 could be integrated into a lamp at 
either of the plug or bulb location. If visible, it is envisioned 
that beacon 280 be provided with a fairly unobtrusive form 
factor. 
As described above and as shown in FIG.9, floor cleaning 

device 22 is operable in a training mode 300 and an autono 
mous mode 400. Training of device 22 initiates at step 302. 
User interaction with inputs 43, 44, 46, 48 defines the clean 
ing modality for a mode input 304 associated with a desired 
cleaning path. As the user translates device 22 through the 
desired path, controller 60, base station 246 and/or beacon 
280 monitors and stores the mode and position information 
associated with the desired route 306. During training, device 
22 is receptive to information related to changes in the oper 
ating mode 308 and the position of the device or mode change 
locations 310. 
Upon returning to base station 246 and/or receiving a user 

signal associated with inputs 43, 44, 46, 40, device 22 termi 
nates training sequence 300 at step 312. At step 312, device 22 
has been trained for autonomous operation. Having been 
trained, autonomous cleaning operation 400, begins autono 
mous cleaning 402 via start-up or departure from base station 
246. Device 22 periodically monitors power 404 and consum 
able levels 406. If either value is insufficient to complete the 
autonomous cleaning route, an indication or alert 408, 410 is 
generated and device 22 returns to base station 246 or the 
designated storage area. Preferably, when power monitoring, 
device 22 will Suspend a cleaning operation to maintain 
enough power to perform the return to base station 246 opera 
tion having a minimum of power or nearly fully depleted 
power upon arrival at the base station. 

Provided there is sufficient power and consumable materi 
als necessary for beginning an autonomous cleaning path 
412, device 22 monitors the position and the cleaning mode 
414 as device 22 autonomously travels the previously trained 
cleaning path. As device 22 crosses one of transitions 246. 
248, an inadequate modesignal 416 is generated Such that the 
cleaning device changes the cleaning mode 418 to comply 
with operation of the cleaning devices associated with posi 
tion acquired during training 300. The device continues along 
the trained path periodically altering the modes of operation 
as necessary as defined during training mode 300. 
Once all of the trained position and cleaning mode criteria 

have been satisfied 420, device 22 returns to base station 246 
and/oran other storage position 442. Device 22 remains inac 
tive until completion of a delay 450 that is preselected during 
training 300 and/or defined by controller 60. Upon comple 
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tion of delay 450, device 22 begins a subsequent autonomous 
cleaning operation in accordance with procedure 400. Under 
standably, one or more of inputs 43, 44, 46, 48 could provide 
an interrupt for either of training procedure 300 or autono 
mous cleaning procedure 400 such that device 22 can be 
configured and/or reconfigured to provide a desired cleaning 
path and efficacy. For example, where certain spaces of area 
24 require greater attention, or more passes of device 22 to 
attain the desired level of cleanliness, a user can train device 
22 to provide a desired number of passes or reduced travel 
speed over more heavily soiled areas. Such a configuration 
minimizes the potential of needing to touch up areas that have 
already been cleaned. 

FIG. 10 shows is a graphical representation of device 22 
according to the present invention. As described further 
below with respect to FIGS. 10-16, device 22 includes a 
navigation protocol that allows the device to quickly and 
efficiently traverse an area to be cleaned. As shown in FIG.10, 
controller 60 is in communication with one or more user 
inputs 500, 502 configured for communication with a user. 
Controller 60 includes a processor 504, and one or more 
memory devices 506. Preferably, memory device 506 
includes a flash memory portion 508 and a random access 
memory (RAM) 510 memory portion. Memory device 506 is 
configured to contain and allow access to user trained clean 
ing protocols. Controller 60 also preferably includes one or 
more input/output channels 512, one or more timers 514, one 
or more signal manipulators 516 Such as pulse width modu 
lation modules (PWM), and one or more comparators 518 or 
units configured to capture and compare information received 
from various sensors and/or detectors that are in communi 
cation with controller 60 of device 22 as described further 
below. 

Each drive system 80, 82 is connected to controller 60 and 
includes a driver 520 that is connected to a respective motor 
84, 86. The operation of each motor 84, 86 is monitored via a 
detector or sensor such as a shaft encoder 522,524 such that 
travel and position information, such as the speed of operation 
of each motor 84, 86, can be communicated to controller 60. 
Controller 60 is also preferably in communication with left 
and right bump sensors 526, 528 which provide unexpected 
obstacle detection. Controller 60 is also in communication 
with an optional cliff sensor 530, and left and right drop 
sensors 532,534 that can provide an indication of an unin 
tended change in elevation in a work area. Preferably, sensors 
530,532,534 are configured to alter the direction of operation 
of device 22 prior to interaction with an undesired elevation 
change. Controller 60 is also in communication with one or 
more wireless positioning systems 508,510. Preferably, posi 
tion system 508 is provided in an infrared (IR) communica 
tion platform that includes one or more direction IR receivers 
that are oriented and positioned to orient device 22 for inter 
action with a docking unit or station 246. Positioning system 
510 is also wireless in nature and configured to determine an 
orientation and position of device 22 relative to the operating 
environment. 

Understandably, although position systems 508, 510 are 
shown as separate systems, it is envisioned that systems 508, 
510 could be integrated in a commonplatform and configured 
to allow communication over a Switched common channel. It 
is further envisioned that device 22 rely solely on the posi 
tional navigation described below with respect to the opera 
tion of drive systems 80, 82 although the position assessment 
redundancy provided by the combination of encoders 522, 
524 and positioning systems 508, 510 provides a cost effec 
tive navigation system that is less Susceptible to navigation 
stack errors that prove problematic with other autonomous 
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devices. Such stack errors are frequently evident in the device 
becoming “lost within a work area such that the operation of 
the device does not proceed as intended or desired. Such 
operation yields inefficient operation of Such devices. 
As described above, as device 22 is manually manipulated 

around the floor or area of intended operation, device 22 
records its path, which can Subsequently be played back in an 
autonomous nature. Controller 60 uses both wheel odometry 
on the ground, associated with shaft encoders 522,524, and a 
Supplemental positioning system, one or more of positioning 
systems 508, 510, to determine position during record and 
playback. One exemplary system of positioning system 510 is 
an indoor positioning system that utilizes an ultrasonic bea 
con, and two ultrasonic ears, to triangulate a position to a 
beacon in a work area. As described further below, the inputs 
associated with the various position acquisition systems, are 
combined or fused together using a Kalman filter, to estimate 
the instantaneous position of device 22. Sensors 526, 528 
provide information regarding whether device 22 has experi 
enced an impact and may therefore no longer be at a desired 
position with respect to the trained travel routine. 

With respect to the navigation of device 22, information 
associated with two coordinate systems, X/Y coordinates in 
terms of where the odometry attained by shaft encoders 522, 
524 believe device 22 is located, and X/Y coordinates in 
terms of where positioning systems 508 or 510 believe device 
22 is located, is communicated to controller 60. The informa 
tion associated with each coordinate positioning system is 
used to determine the position and orientation of the device 22 
with respect to the work area. 
One method envisioned for assessing the orientation of 

device 22 is shown in FIG. 11. An orientation initiation 
instruction 540 initiates a calibration operation of device 22. 
Preferably, initiation instruction 540 generates an instruction 
to move device 22 relative to a given position in a predeter 
mined direction and distance. Preferably, the calibration 
instruction is a known linear forward/reverse drive instruc 
tion. During the forward and rearward travel, controller 60 
monitors position and orientation information 542 acquired 
with each of the respective coordinate position systems. Con 
troller 60 transforms the desired data 544 and derives a trans 
lation/rotation matrix function that orients the two coordinate 
position systems relative to one another. As described further 
below, the information attained from each coordinate position 
system undergoes a coordinate transform function that is 
communicated to a Kalman filter 546 thereby generally align 
ing the coordinate information attained by each of the respec 
tive coordinate position systems. Controller 60 maintains and 
periodically monitors real-time position information that 
may need to be altered by the alignment information Such that 
the position of device 22 can be assessed with each ordinate 
system during autonomous operation of device 22. As 
described further below, the operation of controller 60 
increases the likelihood that device 22 is in a preferred orien 
tation as it traverses the work area while allowing for periodic 
changes in direction due to unexpected changes in the oper 
ating area. 
Once device 22 has been trained and calibrated, it can 

accurately and autonomously repeat a desired travel and 
operation modality with allowed deviations for unexpected 
obstructions, consumable refueling, and/or other unexpected 
occurrences associated with performing the trained autono 
mous operation. Those skilled in the art will appreciate that 
the positional information must be accurately maintained 
during both the acquisition and playback modes. Further 
more, the accuracy of the position and orientation informa 
tion will directly affect the ability of device 22 to autono 
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mously repeat the intended, desired, or trained travel 
operation. That is, controller 60 must be able to accurately 
determine the position and orientation of device 22 during 
both training and autonomous operation to effectuate repeat 
operation of device 22 in accordance with the trained routine. 
During either training or autonomous operation, device 22 
could be bumped, twisted, picked up, or otherwise inadvert 
ently translated from a desired operational path. The odom 
etry data and data from an indoor positioning system, such as 
system 510 is combined or otherwise fused together using a 
generally inexpensive method that can be accomplished using 
noncomplex and therefore generally inexpensive computing 
hardware. 

Regardless of the hardware configuration of controller 60, 
preferably device 22 operates in a travel methodology that 
determines the orientation and position of device 22 for align 
ment with Subsequent nodes or waypoints along a desired or 
trained travel path. As device 22 approaches respective nodes 
along the travel path, controller 22 effectuates a tangent arc 
pursuit as described further below to effectuate a desired 
orientation of device 22 as it attains respective navigational 
nodes. Testing has shown that device 22 need not rigidly 
adhere to the trained cleaning path to provide acceptable 
cleaning performance and satisfy user expectations. 

In a general sense, as shown graphically in FIG. 12, the 
tangent arc pursuit navigation planning algorithm allows 
device 22 to follow a pre-recorded path in a manner that is 
reliable and wherein the robot preferably arrives at one or 
more of the nodes or waypoints 560 along a desired travel 
path in an orientation that approximates, or is the same as, the 
orientation of device 22 at the same node during training. In a 
graphical sense, during tangent arc pursuit navigation, device 
22 draws a minimum radius circle 562 about the device, a 
minimum radius circle 564 around an intended Subsequent 
travel path position waypoint 560, and “looks-ahead so as to 
derive how the two circles overlap. Controller 60 determines 
if a path 566 that is tangent to each of the minimum radius 
circle 562 about the device and the minimum radius circle 564 
about a forthcoming waypoint 560 is reachable so as to gen 
erate a travel plan that mimics, and/or can recover to, the 
trained travel path. By “looking-ahead' to various travel way 
points along the trained path, controller 60 allows for one or 
more synchronization points to be picked out of a recorded or 
desired travel path, and thereby plan for the tangents of the 
planning circles to overlap so that device 22 attains a desired 
orientation at respective waypoints along the travel path. 
Controller 60 and the tangent arc pursuit operation of device 
22 allows device 22 to travel along a pre-trained travel route 
in a manner that can accommodate periodic and changing 
position obstructions. As shown in FIG. 12, device 22 travels 
along a tangent 566 between minimum radius circle 562 and 
minimum radius circle 564 so that a travel vector 568 of 
device 22 arrives at waypoint 560 in a manner that allows 
alignment of the travel vector 568 and a respective waypoint 
vector 570. 

Controller 60 utilizes information about the minimum 
turning radius of device 22 and operational and execution 
tolerances to generate an effective turning radius of device 22. 
In a preferred implementation, controller 60 chooses a forth 
coming waypoint 560 with which device 22 intends to come 
into alignment and determines device vector 568 and retrieves 
waypoint vector 570. Controller 60 then generates circles 
562, 564 that are tangent to the device and waypoint vectors 
568, 570. Controller 60 determines a point of bearing 574 
associated with aligning tangent travel path 566 and waypoint 
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vector 570. Preferably, controller 60 determines the location 
of the point of bearing for every iteration of a steering loop 
control. 

FIGS. 13-16 show various alternative circle and tangent 
orientations Solutions that can be experienced during the 
travel of device 22 and the alignment with Subsequent way 
point bearing points 574. FIGS. 13 and 16 show various 
orientation associations wherein clockwise turning of device 
22 results in the most expedient alignment of device vector 
568 and waypoint vector 570. Conversely, FIGS. 14 and 15 
show positional orientations that may occur wherein counter 
clockwise rotation results in the most expedient alignment of 
the device vector 568 and the waypoint vector 570. During 
operation, each device vector 568 may have more than one 
alignment solution with respect to a forthcoming waypoint 
vector 570. Controller 60 is preferably configured to select 
the most expedient device? waypoint alignment Solution asso 
ciated with the various solution alternatives shown in FIGS. 
13-16. Understandably, unexpected or unintended obstruc 
tions may also effect the Solution as to determining the most 
expedient travel/turning direction for device 22. 

Controller 60 is also configured to tolerate waypoint recov 
ery or skipping. For example, if device 22 initiates an opera 
tion cycle from a position very near a desired waypoint, and 
extensive manipulation of device 22 would be required to 
alignment of the device and waypoint vectors 568, 570, con 
troller 60 can be configured to allow bypass of a respective 
waypoint. Understandably, during Such operation, device 22 
would attempt to attain alignment with a Subsequent way 
point vector. Similarly, if device 22 attains a position that is 
beyond a desired waypoint, or in Such near proximity to a 
waypoint that a severe slope of tangent line 566 would be 
required to achieve alignment with the forthcoming waypoint 
vector 570, controller 60 may be configured with a hierarchi 
cal paradigm that allows skipping of difficult or unattainable 
waypoint vector alignments. 

It is envisioned that device 22 can be equally configured to 
allow the user to define or individualize important or way 
points that are preferably not skipped. Preferably, user defi 
nition of an unpassable waypoint vector position are 
addressed by device 22 attaining alignment of the vehicle and 
waypoint vectors 568,570 independent of the respective dif 
ficulties of over turn operations discussed above with respect 
to FIGS. 13-16. Alternatively, it is envisioned that, if an 
unpassable waypoint is going to be missed, that controller 60 
override the arc tangent pursuit navigation and provide a 
recovery pursuit instruction wherein device 22 is free to move 
in directions and speeds beyond the trained operating condi 
tions and within achievable rotational directions, to attain 
alignment with an unpassable waypoint vector 570. Prefer 
ably, after device 22 has achieved alignment with an unpass 
able waypoint, device 22 is configured to automatically 
resume pursuit of Subsequent waypoints. Understandably, 
Such operation is only one unpassable waypoint recovery 
protocol. For instance, device 22 could be configured to 
return to missed waypoints at later times during a respective 
operation cycle. 

Another navigation protocol envisioned for controller 60 is 
a tangential spiral arc steering function. Such systems are 
common to automotive and railroad road and track layout and 
provide tangential spiral easements on curve entrance and 
exits. Such transitions reduce the angular accelerations asso 
ciated with entering and exiting turns. Although Such a sys 
tem would require controller 60 to determine the spiral asso 
ciated with the desired travel path of device 22, it is 
envisioned that by enlarging the margin associated with the 
minimum radius circle of device 22 and waypoint 574 so as to 
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approximate the space associated with the spiral travel, the 
control of device 22 could be provided with a combination of 
arc tangent/spiral tangent navigation. 

Cleaning device 22 provides for autonomous cleaning of 
environments wherein multiple cleaning modalities may be 
desired. Providing a cleaning device with multiple selectively 
operable modalities provides a highly versatile cleaning 
apparatus. Furthermore, allowing a user to define the path and 
cleaning modality associated with autonomous operation of 
the device further increases the applicability of the device as 
well as the ability of the device to satisfy individual specific 
cleaning requirements. 

Therefore, a floor cleaning device that autonomously 
traverses an area to be cleaned according to one embodiment 
of the invention includes a drive mechanism that is attached to 
a housing and which propels the floor cleaning device across 
a floor. The device includes a controller that is in communi 
cation with the drive mechanism and controls movement of 
the floor cleaning device across the floor. The controller has a 
training mode wherein manual user manipulation of the floor 
cleaning device defines a cleaning route and a cleaning mode 
wherein the controller initiates the cleaning route automati 
cally. Such a cleaning device can be expeditiously tailored to 
meet individual expectations. 

Another embodiment of the invention usable with one or 
more of the aspects above includes a method of controlling 
operation of a floor cleaning device that is configured for 
autonomous operation. The method includes training the 
floor cleaning device with a cleaning route by manually 
manipulating the floor cleaning device through the cleaning 
route and automatically initiating the cleaning route at 
selected intervals after the floor cleaning device has been 
trained. 
A further embodiment of the invention usable with one or 

more of the aspects of the above embodiments includes an 
autonomous cleaning device that includes a first cleaning 
system and a second cleaning system that are Supported by a 
frame. The first and second cleaning systems are operable in 
first and second dissimilar cleaning modes. The device 
includes a controller that is configured to control operation of 
the autonomous cleaning device and initiate operation of the 
first cleaning system for a first cleaning path and initiate 
operation of the second cleaning system for a second cleaning 
path. 

Although specific embodiments of the present invention 
have been described in detail, it should be understood that this 
description is merely for purposes of illustration. Many modi 
fications and variations to the specific embodiments will be 
apparent to those skilled in the art, which will be within the 
scope of the invention. Therefore, the invention should not be 
limited to the described embodiments. The above describes 
the preferred embodiment of the invention whose specific 
configuration is not intended to limit the scope of the append 
ing claims. 
What is claimed is: 
1. A floor cleaning device that autonomously traverses an 

area to be cleaned, the floor cleaning device comprising: 
a housing: 
a drive mechanism attached to the housing for propelling 

the floor cleaning device across a floor; and 
a controller in communication with at least one sensor and 

with the drive mechanism for controlling movement of 
the floor cleaning device across the floor, the controller 
having a training mode wherein manual user manipula 
tion of the floor cleaning device defines a cleaning route 
and alternate cleaning modes defined by operation of 
alternate cleaning apparatus Supported by the floor 
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cleaning modes wherein the controller initiates the 
cleaning route and respective cleaning modes automati 
cally, and automatically deviates from the cleaning route 
and returns to the cleaning route, in response to signals 
from the at least one sensor to avoid unexpected obstruc 
tions that would result in unacceptable changes in eleva 
tion of the work area. 

2. The floor cleaning device of claim 1 further comprising 
a memory storage device for retaining the cleaning route. 

3. The floor cleaning device of claim 1 further comprising 
more than one cleaning apparatus wherein each cleaning 
apparatus is associated with at least one of a plurality of floor 
materials. 

4. The floor cleaning device of claim 3 further comprising 
an input that is selectable by the user to associate a cleaning 
apparatus with a cleaning route. 

5. The floor cleaning device of claim 3 wherein the alter 
nate cleaning apparatus is associated with one of a touchless 
cleaning system and a replaceable cleaning member respec 
tively. 

6. The floor cleaning device of claim3 wherein at least one 
of the more than one floor cleaning apparatus includes a 
number of cleaning solutions that are one of replaceable or 
refillable. 

7. The floor cleaning device of claim 1 wherein the con 
troller is configured to initiate operation of selected compo 
nents of a cleaning apparatus with respect to a first floor 
Surface and initiate operation of other selected components of 
the respective cleaning apparatus with respect to a second 
floor surface. 
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8. The floor cleaning device of claim 1 further comprising 

a navigation system in communication with the controller for 
determining a position of the floor cleaning device relative to 
the area to be cleaned. 

9. The floor cleaning device of claim 8 wherein the navi 
gation system further comprises at least one of a communi 
cation system that wirelessly communicates between the 
floor cleaning device and a beacon, a beacon that is locally 
positioned relative to the floor cleaning device, and the navi 
gation system is configured to communicate with one of a 
global positioning system that is remote from the area to be 
cleaned and a wireless fidelity (Wi-Fi) system associated with 
the area to be cleaned. 

10. The floor cleaning device of claim 1 wherein the con 
troller further comprises a power management system con 
figured to interrupt the cleaning route to return the floor 
cleaning device to a cradle when a power system of the floor 
cleaning device is inadequately powered to continue the cur 
rent cleaning route and return the floor cleaning device to a 
cradle. 

11. The floor cleaning device of claim 8 wherein the con 
troller is configured to receive waypoint information during 
the training mode and determine a tangent arc line between 
the position of the floor cleaning device relative to the area to 
be cleaned at a given instance and an adjacent waypoint 
during the automatic operation of the floor cleaning device 
along the cleaning route. 

k k k k k 


